Background/Aims: Monitoring the appearance and progression of tumors are important for improving the survival rate of patients with ovarian cancer. This study aims to examine circulating tumor cells (CTCs) in epithelial ovarian cancer (EOC) patients to evaluate their clinical significance in comparison to the existing biomarker CA125. Methods: Immuomagnetic bead screening, targeting epithelial antigens on ovarian cancer cells, combined with multiplex reverse transcriptase-polymerase chain reaction (Multiplex RT-PCR) was used to detect CTCs in 211 samples of peripheral blood (5 ml) from 109 EOC patients. CTCs and CA125 were measured in serial from 153 blood and 153 serum samples from 51 patients and correlations with treatment were analyzed. Immunohistochemistry was used to detect the expression of tumor-associated proteins in tumor tissues and compared with gene expression in CTCs from patients. Results: CTCs were detected in 90% (98/109) of newly diagnosed patients. In newly diagnosed patients, the number of CTCs was correlated with stage (p=0.034). Patients with stage IA-IB disease had a CTC positive rate of 93% (13/14), much higher than the CA125 positive rate of only 64% (9/14) for the same patients. The numbers of CTCs changed with treatment, and the expression of EpCAM (p=0.003) and HER2 (p=0.035) in CTCs was correlated with resistance to chemotherapy. Expression of EpCAM in CTCs before treatment was also correlated with overall survival (OS) (p=0.041). Conclusion: Detection of CTCs allows early diagnose and expression of EpCAM in CTC positive patients predicts prognosis and should be helpful for monitoring treatment.
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Introduction
Ovarian cancer is the 3th most common and the most lethal cause of gynecologic malignancy [1] . In China, approximately 52, 100 cases, and 22, 500 deaths, occurred in 2015 [2] . A reason why ovarian cancer has become a major threat to the health of women lies in its "occult" nature, where about 75% of the patients are only diagnosed at an advanced stage [3] . Resistance to chemotherapy after treatment is also a major cause of recurrence and death [4, 5] . Combined, these result in a 5-year survival rate of less than 30%. Early diagnosis of ovarian cancer and improved chemotherapeutic treatments can potentially increase the survival and cure rates for this disease [6] . Currently CA125 is the most frequently used biomarker for ovarian cancer, but it has a low detection rate for early diagnosis and has limited specificity [7] , thus new markers are urgently needed.
"Liquid biopsy" [8] , where body fluids (e.g., blood) is screened for biomarkers such as circulating tumor cells (CTCs), circulating free DNA, or exosomes [9] , has attracted extensive attention due to its advantages such as ease of obtaining samples, being less invasive, and being easy to track. Circulating tumor cells, which are cells shed into the bloodstream from primary tumors, recurrences, or metastases, and possess tumor-specific characteristics [10] , are good targets for liquid biopsy. CTCs are considered to be an origin for metastases [11, 12] , and their presence has been reported for several cancers, including breast, lung, liver, and prostate cancer [13] [14] [15] [16] [17] . Recently, some researchers have reported detection rates of between 12% and 90% for EOC CTCs using different methods, including the CellSearch TM System (Veridex, Raritan, NJ), density-gradient separation followed by immunostaining of cytokeratin, and density-gradient separation combined with RT-PCR [18] [19] [20] . However, the detection rate of CTCs in early stage disease cases is generally low, and the conclusions have been controversial, thus new methods to detect EOC CTCs are still needed. If CTCs could be efficiently detected in the blood of EOC patients, this should assist not only in the diagnosis of this cancer, but also our understanding of the dynamic progress of EOC disease and thus, support the development of new precise clinical schemes for treatment.
Here we used monoclonal antibodies specific for the epithelial markers EpCAM [21] , HER2 [22] , and MUC1 [23] to isolate CTCs from the peripheral blood of EOC patients [24] . Isolated CTCs were then examined by Multiplex RT-PCR for the expression of six genes (EpCAM, HER2, MUC1, WT1, P16, and PAX8) that are associated with ovarian cancer [25] [26] [27] [28] . We compared our detection results with clinical classification data, including clinical type, stage, and prognosis, and examined the levels of CTCs before or after treatment to determine the effectiveness of using CTCs as a biomarker for the diagnosis, predicting prognosis, and monitoring of treatment.
Materials and Methods

Sample collection
The ethics review board of the Departments of Gynecology and Pathology, Peking University Third Hospital, approved this study. All patients gave written informed consent before participation. The study group consisted of 109 EOC patients and 30 healthy women volunteers. The mean age of the patients was 54 years (range: 24-77 years). Among the patients, 28 "occult" EOC patients were found during physical examinations, with the remaining patients displaying typical EOC symptoms including abdominal pain, abdominal distension, and abnormal vaginal bleeding. Of the 109 patients, 31 accepted treatment by non-neoadjuvant chemotherapy (chemotherapy after operation) and 20, with a wide range of tumor foci, accepted treatment of neoadjuvant chemotherapy (operation after chemotherapy). All of these 51 patients had their CTC and CA125 levels measured three times. CTCs were assayed in the 31 non-neoadjuvant chemotherapy patients as follows: prior to surgery, 7-14 days after surgery, and then after three cycles of postoperative chemotherapy. CTC assays in the 20 neoadjuvant chemotherapy patients were as follows: prior to chemotherapy, after three cycles of chemotherapy but before surgery, and then 7-14 days after surgery. Serum CA125 levels were also analyzed at these same times, and results≥35U/ml were considered to be positive. Blood samples (5ml) were dawn in Vacuette EDTA tubes (BD Biosciences), stored at 4°C, and processed within 24h. Patients were followed for up to 48 months (range: 1-48 months). Pathological characteristics of the tumors were classified according to the WHO standard, the stage based FIGO standard, and the grade based on the Silverberg standard [29] . Patients displaying recurrence within 6 months of complete treatment were considered to be chemotherapy resistant.
Screening tumor cells in the peripheral blood of patients with epithelial ovarian cancer
Magnetic powder (Dynabeads M-450 Tosylactivated, Invitrogen, USA) labeled monoclonal antibodies (Abcam, England) for the epithelial markers EpCAM, HER2, and MUC1 were prepared according to the manufacturer's manual. Briefly, the three magnetic powder bead-labeled monoclonal antibodies, in a proportion of 1:1:1, in a volume of 125ul were added to 5ml blood and incubated at 4°C for 30min. Beads were then washed three time with buffer solution, and cells collected with a magnet after mixing (Invitrogen, USA). Cell contents were released using 200ul of lysis buffer (from Dynabeads mRNA DIRECT Kit, Invitrogen, USA), and mRNA was isolated according to the Dynabeads mRNA DIRECT Kit, then reverse transcribed into cDNA using the Sensitive Reverse Transcription Kit (Qiagen, Germany).
Expression of ovarian cancer related genes in CTCs
Expression of 6 ovarian cancer related genes was detected in CTCs from EOC patients using Multiplex RT-PCR, with primers for EpCAM (forward: 5'-TGAGCGAGTGAGAACCTA-3'; reverse:
5'-CACAACAATTCCAGCAAC-3'), HER2 (forward: 5'-AGGAGTGCGTGGAGGAAT-3'; reverse: 5'-AGTGGGTGCAGTTGATGG-3'), and MUC1 (forward: 5'-GCACCGACTACTACCAAGAG-3'; reverse: 5'-AAGGAAATGGCACATCACT-3') in one group, and the primers for WT1 (forward: 5'-AGTCCGCCATCACAACAT-3'; reverse: 5'-TGGTACAATAATTCCATCCC-3'), P16 (forward: 5'-TCTGAGAAACCTCGGGAAAC-3'; reverse: 5'-CTCGCAAGAAATGCCCAC-3'), and PAX8 (forward: 5'-GAAGCAATAGCCGAGGAA-3'; reverse: 5'-TGTAGAAAGAGCCAAGCAAA-3') in a second group. Actin (forward: 5'-GAAATCGTGCGTGACATTA-3'; Reverse: 5'-AGGCAGCTCGTAGCTCTT-3') was used as the reference gene. PCR conditions were: 95°C for 15min, followed by 94°C for 30s, 58°C for 90s, and 72°C for 60s, for 35 cycles followed by 60°C for 30min. PCR products were visualized using Agilent 2100 Bioanalyzer (Agilent Technologies, USA) with DNA 1000 LabChips (Agilent Technologies USA) for qualitative and quantitative analysis. Product concentrations higher than 0.3ng/μl for any the 6 genes (EpCAM, HER2, MUC1, WT1, P16, and PAX8) was judged as being positive for the presence of CTCs. The cutoff value was set as 3 times the average value of the PCR concentration of the 6 genes expressed in the blood of healthy volunteers.
Sensitivity and standard curve for the detection of ovarian cancer related gene transcripts
Ovarian cancer cell line SKOV3 (ATCC, grown in DMEM + 5% FBS, 5% CO2, 37°C) was used as a positive control. SKOV3 cells were diluted to concentrations of 0, 2, 5, 10, 50, and 100 cells in 5ml peripheral blood from healthy volunteers, in accordance to the method for magnetic screening combined with multiplex RT-PCR detection. This experiment was repeated 10 times.
Immunohistochemical analysis of WT1 and PAX8 expression
Representative haematoxylin-eosin stained slides from the tumors were reviewed, and one representative block was selected for IHC. Immunohistochemical analyses were performed on formalin fixed, paraffin embedded, 4 μm thick tissue sections. The primary antibodies used were anti-PAX8 and anti-WT1 rabbit monoclonal antibody (mAb) (Zeta, Corporation, California, USA) and pAb (Protein Tech Group, Chicago, Illinois, USA). Tissue sections were deparaffinised and rehydrated through xylene and graded ethanol solutions to water. Antigen retrieval was performed using pressure cooker pretreatment in Tris EDTA buffer (pH 9.0) for 2 min. After blocking the endogenous peroxidase activity with 3% hydrogen peroxidase for 10 min, sections were incubated with primary antibody (mAb, dilution: 1:100; pAb, dilution: 1:100) overnight at 4°C. Detection reactions utilized the Envision kit from Dako (DakoCytomation, Glostrup, Denmark). Diaminobenzidine was used as the chromogen and haematoxylin as the counterstain. Appropriate positive (serous ovarian carcinoma tissue) and negative (incubation with Tris buffered saline instead of the specific primary antibody) controls were run simultaneously. Analyses of IHC results were performed by Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry two independent authors (XZ and YW). Discrepancies in the analyses were reconciled following a review by a third reviewer (CL). Nuclear staining in more than 5% of the malignant cells was considered as positive. For positive cases, staining intensity was further scored as follows: 0, no staining; 1, unequivocal but weak intensity; 2, moderate intensity; and 3, marked intensity.
Statistical analysis
Clinical EOC samples were classified based on stage, grade, treatment status, and chemotherapy resistance and compared to the detection of CTCs using one-way ANOVA. Survival rate and progression free survival curves were calculated for each group with Kaplan-Meier estimates and compared with the Log-rank test. P<0.05 was considered to be significant. All statistical analyses were performed using SPSS 22 software.
Results
Detection of CTCs and correlation with clinical characteristics
We first established our experimental method and tested its sensitivity using diluted SKOV3 in blood. As shown in Fig. 1A , the sensitivity of our method is ≥2CTCs/5ml and a standard curve for cell number and PCR product concentrations was established (Fig.  1B) . CTCs were detected in 191 of the 211 (91%) blood samples (Fig. 1A) . CTCs were not detected in any healthy volunteers. The CTC detection rate in newly diagnosed patients was 90% (98/109), while for patients receiving treatment it was 91% (93/102), with average CTCs numbers of 264 (range 0-1929) and 314 (range 0-1822) per 5ml blood, respectively (Table 1 ). In the 109 newly diagnosed EOC patients, CTCs were detected in 82% (19/23), 85% (11/13), 91% (53/58), and 100% (15/15) of cases at stages I, II, III, and IV, respectively. The number of CTCs found in stage I patients was significantly lower than for patients with stage III (p=0.015) or IV (p=0.01) disease ( Fig. 2A and B, and Table 2 ). CA125 was detected in 65% (15/23), 100% (13/13), 100% (58/58), and 93% (14/15) of cases at stages I, II, III, and IV, respectively, but no correlation was found between the CA125 levels and cancer stages (p=0.1) (Fig. 2C and D) .
Among the 36 patients with early stage (I and II) disease, 14 were "occult" patients that did not display typical EOC symptoms. For these patients, the CTCs positive rate was 93% (13/14), while 86% (12/14) of them were CA125 positive. A larger difference in the detection rates with CTCs and CA125 was seen for stage IA-IB patients, where 93% (13/14) were positive for CTCs but only 64% (9/14) were positive for CA125 (Fig. 2E) . Of the stage IA-IB patients, the CTC positive rate for the 7 "occult" patients was 100% (7/7), while only 57% (4/7) were CA125 positive (Fig. 2F) . We also analyzed the correlation between CTC or CA125 levels and other clinical features, such as grade and pathological type, but no significant correlations were found ( Table 1) . Detection of CTC was not correlated with CA125 levels after treatment (p=0.104) ( Table 1) . 
Treatment monitoring of patients using CTCs and CA125
In the 31 patients that accepted non-neoadjuvant chemotherapy, the CTC detection rates were 84%, 90%, and 100% for the first, second, and third sampling time points, respectively. The numbers of CTCs increased significantly after surgery (p=0.023), and then decreased (p=0.272) after 3 cycles of chemotherapy (Fig. 3A) . In contrast, CA125 positive rates were 90%, 77%, and 55%, for these three time points, and the concentration of CA125 did not significantly decline (p=0.156) after treatment (Fig. 3B) . In the 20 patients that accepted neoadjuvant chemotherapy, the CTC detection rates were 90%, 85%, and 90% for the three sampling time points, and the numbers of CTCs decreased after chemotherapy (p=0.271) but increased significantly after surgery (p=0.017) (Fig.  3C ). CA125 positive rates were 100%, 50%, and 45% for the three sampling time points, and its concentration declined after treatment (p=0.001) (Fig. 3D) . We also analyzed the mRNA expression levels of 6 ovarian cancer related genes in CTCs but found no relationship with treatment. 
Zhang et al.: CTCs as a Biomarker in Ovarian Cancer
Complete follow-up of more than 6 months after treatment was available for 40 patients (9 patients were stage I, 3 patients were stage II, 23 patients were stage III, and 5 patients were stage IV, with 32 of the 40 patients accepting non-neoadjuvant chemotherapy and 8 patients accepting neoadjuvant chemotherapy). Of these patients, 5 displayed resistance to chemotherapy, while the remaining 35 patients were chemosensitive. CTCs were detected in 100% (5/5) of the chemotherapy resistant patients, but only 91% (32/35) of the chemosensitive patients. Statistically significant increased levels of EpCAM (p=0.003 < 0.05) and HER2 (p=0.035 < 0.05) mRNA levels were found in the chemoresistant compared to the chemotherapy sensitive patients (Fig. 3F) . No significant differences in the mRNA abundance of MUC1 (p=0.184 > 0.05), WT1 (p=0.343 > 0.05), P16 (p=0.309 > 0.05), or PAX8 (p=0.309 > 0.05) was found between the two groups. We then analyzed CA125 levels between the two group but found no difference (p=0.403> 0.05) (Fig. 3E) . 
Correlation of CTCs with clinical prognosis
In the 62 cases of patients with follow-up, 6 died during the follow-up period, with survival times between 8 and 26 months. CTCs were detected in 100% (6/6) of the patients that died, but only 95% (53/56) in those who survived. When the gene expression profiles of EOC-related genes in the survival and death groups were analyzed, significantly higher levels of EpCAM (p=0.001) and HER2 (p=0.023) mRNA levels were found in the patients who died compared to the survivors (Fig. 4A) . No significant difference in the abundance of MUC1 (p=0.171), WT1 (p=0.409), P16 (p=0.631), or PAX8 (p=0.440) mRNA was seen between the two groups, nor was CA125 different between the two groups (Fig.  3B) . We found that OS was significantly shorter in the 36 patients with CTCs positive for EpCAM expression compared to the 26 EpCAM negative patients (p=0.041 < 0.05) (Fig.  4C) . No significant correlation between OS and PFS with any of the other genes and CTCs numbers was found. We then analyzed the relationship between CA125 with PFS and OS and found no significant difference between CA125 and PFS (p=0.404) or OS (p=0.335).
Different expression of EOC-related genes in CTCs and tissues
WT1 and PAX8 are commonly used markers for the diagnosis and identification of ovarian cancer in clinical pathology [30] . To analyze the roles of these genes in CTCs and their relationships with tissues, we compared the expression of WT1 in CTCs with IHC from the corresponding primary tumor in 36 patients, and the expression of PAX8 in CTCs with IHC from the corresponding primary tumor in 43 patients (Table 3 and Fig. 5 ). Both WT1 and PAX8 were examined in 34 patients. The similarity rate for WT1 between CTCs and tissues was 18/36 (50%), while for PAX8 it was 27/43 (63%), and for both WT1 and PAX8 the similarity rate was 38% (13/34). We then compared the clinical characteristics of patients with different expression patterns in CTCs and tissues (Table 4 ). However, due to the fact that the number of patients is low, statistically significant differences could not be detected, but a trend for differential expression between tissues and CTCs may be associated with the numbers of circulating tumor cells. 
Discussion
Previous research suggested that metastasis via implantation was the main mechanism for the spread of cancer, and that hematogenous metastasis occurs at a late stage of tumor development [31] . Recently, research has suggested that at least 80% of metastases are derived from disseminated cancer cells originating from early stage tumors [32] . The presence of CTCs, thus, would predict a worse outcome for patients with non-metastatic breast cancer [33] , where ovarian cancer CTCs would form omental metastasis as seen in the mouse [34] . This research indicates that we need to rethink the role of blood metastasis in EOC. Previous research, using an anti-epithelial antibody-enrichment method followed by identification techniques, has been shown to be useful in the detection of CTCs [35, 36] . Many markers have been applied to the enrichment and screening of ovarian cancer CTC [37] . Liu et al [20] . found the positive rate of CTCs in ovarian cancer patients was 60% in advanced stage disease using the CellSearch system targeting EpCAM+. Kuhlmann et al [38] . detected CTCs using immunomagnetic CTC enrichment targeting EpCAM and MUC1, followed by RT-PCR to detect EpCAM, MUC1, CA125, and ERCC1 positive cells. Ghazani et al [39] . detected CTCs by μNMR system targeting EpCAM, HER2, EGFR, and MUC1. Aktas et al [24] . detected CTCs using immunomagnetic CTC enrichment targeting EpCAM and MUC1, followed by RT-PCR to detect EpCAM, MUC1, HER2, and CA125, where CTCs were detected in 19% patients before surgery. Based on these previous studies, we selected EpCAM, HER2, and MUC1 for enrichment, and found that the combination of these three antibodies to be best. To confirm the identity of the CTCs we chose the ovarian cancer-related genes EpCAM, HER2, MUC1, WT1, PAX8, and P16, as these six genes have well established roles in ovarian cancer, including diagnosis, drug resistance, and prognosis [28, 30, 40] .
Using our method, we found that we could identify CTCs in 90% (98 of 109) newly diagnosed EOC patients, while a similar percentage (91%, 100/109) were positive for CA125. For early stage disease, we detected CTCs in about 83% (30/36) of the patients, with the strongest distinction with CA125 found in 14 patients with early stage (stage IA-IB) disease with capsule integrity and having no pelvic cavity metastasis, where CTC detection rate was 93% while CA125 was only 64%. Since CTCs were more prominent than CA125 in early stage disease, this suggests that hematogenous metastasis of ovarian cancer might be earlier than peritoneal metastasis.
At present, clinical treatment of ovarian cancer patients is divided into two types: nonneoadjuvant chemotherapy and neoadjuvant chemotherapy. Most patients accept nonneoadjuvant chemotherapy treatment, while patients with extensive tumors metastases are provided with neoadjuvant chemotherapy. Our study found that the numbers of CTCs increased significantly after surgery for both types of treatment methods. During operations, the rupture of blood vessels and other factors might lead to the release of a large number of tumor cells into the blood that account for the above observations, while chemotherapy, leading to the death of tumor cells, decreases the number of circulating tumor cells. The expression of EpCAM and HER2 in CTCs at the time of diagnosis was positively correlated with resistance to chemotherapy. Obermayr et al [18] ., through the analysis of the expression of markers genes including PPIC by qRT-PCR, found that CTCs occurred more often in platinum resistant patients, and that significantly increased numbers of PPIC positive CTCs were found during the follow-up of platinum resistant tumors compared to platinum sensitive patients. Kuhlmann et al [38] . found that the presence of ERCC1-positive CTC at primary diagnosis was likewise to be an independent predictor of platinum resistance. However, our results are inconsistent with some other research. Woopen et al [41] . assessed the expression of EpCAM by immunohistochemistry on primary EOC tissue samples, and found that overexpression of EpCAM is associated with a more favorable response to platinum-based chemotherapy. The appearance of this phenomenon may be related to the genetic changes of tumor cells after blood transfusion.
Moreover, we found that the expression of EpCAM and HER2 was higher in patients that died during follow-up compared to those that had survived. OS was significantly shorter in Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry patients with CTCs positive for EpCAM compared to EpCAM negative patients. A significant decline in CA125 levels after treatment has not been associated with prognosis, and this might indicate that the detection of CTC is the real predictor of prognosis in patients. Poveda et al [42] . indicated that elevated numbers of CTCs impact an unfavorable prognosis for ovarian cancer patients using the CellSearch system. Aktas et al [24] . found that presence of CTC is significantly positively correlated with shorter OS using the AdnaTest BreastCancer. But some others have not found similar results. Liu et al [20] . found that CTC numbers does not correlate significantly with patient outcomes using the CellSearch system. Judson et al [19] . found that survival curves did not differ between patients with and without CTCs detected by a tumor-enriched immunocytochemical assay targeted to CK20, EGFR, CK8, CK18, and TFS-2. For tissues, there is still a controversy about the relationship between expression of EpCAM and prognosis in ovarian cancer, some of which are consistent with our conclusions. Spizzo et al [43] . indicated that EpCAM overexpression was significantly related to decrease OS through immunohistochemistry, but Battista et al [44] . support the hypothesis that the expression of EpCAM is associated with favorable prognosis using data generated by immunohistochemistry. Based on the above results, we found that ovarian cancer CTCs are indeed associated with the diagnosis and prognosis of ovarian cancer. But what are the similarities between CTCs and primary tumors tissues? Studies have investigated the similarities and differences between CTCs and primary tumors [13] . We found that CTCs may be the same or different from primary tumor tissue, but we failed to reach a conclusion as we had few samples, thus, in the future we need to increase our sample size to identify the relevant factors explaining the differences between tissues and CTCs.
In conclusion, CTCs can be detected at all stages of EOC disease in patients, and through the detection of CTC, and their gene expression patterns, we can predict the likelihood of chemotherapy resistance and judge prognosis. For early diagnosis and monitoring of treatment effect on tumors there is still a very long way to go, although CTCs are potentially a more effective and convenient approach. Additional assays aimed at additional and new specific markers, and the screening of disease-free people, is required.
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